One approach for teaching subjects with autism is Applied Behavior Analysis (ABA). ABA intervention aims to model human behavior by observing, analyzing and modifying antecedents and/or consequences of a target behavior in the environment. To achieve this, many data are recorded during each trial, such as subject response (correct/incorrect, level of prompt, inappropriate behavior, etc.). In this paper we present a web application that aggregates and visualizes data collected during technology-enhanced educational sessions, in order to monitor learning in children with autism. In a previous study we developed a free open source web application called ABCD SW, to support educators in administering ABA programs. In this study we present a learning analytic tool that retrieves, aggregates and shows --in graphical and table form --data gathered by ABCD SW. This software offers accurate real-time monitoring of children's learning, allowing teachers to analyze the collected data more rapidly, and to accurately tune and personalize the intervention for each child.
Introduction
Autism Spectrum Disorder (ASD) is a type of Pervasive Developmental Disorder that affects individuals with varying degrees of impairment. In general, it concerns three areas of disability: (a) communication, (b) socialization, (c) repetitive and stereotyped patterns of behavior, play and interests [1] . Early and intensive educational approaches are needed to minimize the disability's impact and better exploit the subject's abilities. One method specifically applied to teaching subjects with autism is Applied Behavior Analysis (ABA), a scientific approach that has proved to be very effective in this field ([2], [3] ). ABA models human behavior by observing, analyzing and modifying antecedent and/or consequence behaviors, focusing on objectivity and systematic measures. The main criterion is to observe the environment that provides the stimuli to which a person responds, and the environment in past experiences that caused the same stimulus-response association [4] . Children are more likely to repeat or maintain behaviors and responses that are rewarded or reinforced by giving them something they like very much. The reinforcement is progressively reduced so that the child can learn without constant rewards. Usually, software and technology can be used in a worthwhile way by autistic persons, keeping in mind any potential disturbance caused by colors, lights, animations, automatic behaviors implemented on the screen, etc. Nearly all children are attracted to computers, and when interacting with them feel free from expectations and social behavioral rules. Several studies have shown the effectiveness of computer-based training for teaching a variety of skills to children with autism ([5] , [6] , [7] ).
We have developed a free open source web application (ABCD software) to help educators administer basic ABA programs facilitating early teaching of children with autism [8] . This software allows the child to become familiar with categories --such as food, animals, colors --and their articles --such as apple, dog, and yellow (discriminative training). Usually, the ABA educators propose certain exercises of increasing levels of difficulty to a child, using cardboard pictures or real objects. Decreasing the time needed for the trial set-up, the ABCD SW automates the execution of three basic exercises: 1. matching programs, with combinations of images and words; 2. receptive programs, with the recognition of an article among others; 3. expressive programs, for labeling an article with verbal expression or --for non-verbal children --with text labels. The didactic software allows the educator to just press a key to quickly insert subjective data such as the type and level of prompt provided to the child, crucial for monitoring and evaluating learning progress. All data produced during the session --article, category, execution time, success/error, prompt, etc., are automatically recorded and stored by the software.
In order to efficiently analyze the enormous amount of data collected by this software, we developed a learning analytic tool, described in this paper. This tool automatically extracts, aggregates and visualizes the children's performance data related to the ABA programs performed with the ABCD SW. The learning process is more effective when educators perform systematic data collection and analysis [9] . The analytic tool provides the teachers with easy real-time monitoring of learning progress, extracting data to assess a variety of skills and behaviors, and thus enabling the continuous evaluation and personalized tuning of the didactic intervention.
In the following, we first introduce basic ABA principles with special focus on data collection, as well as other studies in the field. Next, we describe the proposed learning analytic tool.
Data in ABA Intervention
For simplicity's sake, in the following the term "tutor" will refer to all members of the ABA team, with various levels of experience, including (special needs) teachers, educators, communication assistants, parents and caregivers. ABA intervention requires collecting data about learning activities (e.g., subject's behaviors and skills acquired) in order to evaluate the effectiveness of intervention procedures. The aim of ABA methodology is to improve the abilities
